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I. Supplementary Data

Table S1: Atomic coordinates (f&) of the a-phase ZnPc tetramer.

Atom X y z

@)

15.54458803

28.60111529

12.36491177

9.61985475

29.08862369

11.61375602

16.6010833

28.94871695

13.31182936

8.56335947

28.74102203

10.66683843

17.95709989

28.7074415

13.3219004

7.20734289

28.98229748

10.65676739

18.65254791

28.91942681

14.50735777

6.51189487

28.77031216

9.47131001

18.04395409

29.45603176

15.65783028

7.12048869

28.23370721

8.32083751

16.70603713

29.83044589

15.61246264

8.45840565

27.85929308

8.36620515

15.99048084

29.48223874

14.47258871

9.17396193

28.20750023

9.50607908

14.55399687

29.43165907

14.2267594

10.61044591

28.2580799

9.75190838

12.32685607

30.01385262

14.74841532

12.83758671

27.67588635

9.23025246

11.36195176

30.64098834

15.62553101

13.80249102

27.04875063

8.35313677

11.55752344

31.15359492

16.90673521
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13.60691933

26.53614405

7.07193257
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10.43375069

31.57170898

17.60518584

14.73069209

26.11802999

6.37348194

9.15133421

31.49451921

16.98305931

16.01310857

26.19521976

6.99560848

8.97787517

31.08176643

15.6614031

16.1865676

26.60797254

8.31726469

10.12050852

30.60472619

14.98136808

15.04393425

27.08501278

8.9972997

10.37510967

29.97480425

13.67304401

14.7893331

27.71493472

10.30562378

16.21448065

30.31510304

16.43435545

18.62140586

29.66883247

16.5544646

19.70143554

28.65725406

14.5410478

18.46804809

28.34961485

12.43859821

12.58856018

26.48886783

6.68261492

14.66997536

25.76494303

5.33491788

16.91973782

25.96276673

6.41774656

17.15755247

26.62231636

8.81005029

5.46300724

29.03248491

9.43761998

6.54303691

28.0209065

7.42420318

8.94996212

27.37463593

7.54431233

6.69639468

29.34012412

11.54006957

8.0068903

31.06742262

15.1686175

8.24470495

31.72697224

17.56092122

10.49446742

31.92479594

18.6437499
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12.5758826

31.20087115

17.29605286
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15.73746611

28.0043868

11.19134781

9.42697666

29.68535217

12.78731998

14.34579469

28.89378491

12.97157206

10.81864809

28.79595406

11.00709572

13.61895966

29.90149988

15.05282451

11.54548311

27.78823909

8.92584327

11.69950525

29.62259716

13.6065032

Zz|Z|Z|Z2|Zz|z|z |2z

13.46493752

28.06714182

10.37216458

N
=

12.58222139

28.84486949

11.98933389

15.56616595

24.83187705

12.36491177

9.64143266

25.31938545

11.61375602

16.62266122

25.17947871

13.31182936

8.58493739

24.97178379

10.66683843

17.9786778

24.93820326

13.3219004

7.22892081

25.21305924

10.65676739

18.67412583

25.15018857

14.50735777

6.53347278

25.00107392

9.47131001

18.06553201

25.68679353

15.65783028

7.1420666

24.46446897

8.32083751

16.72761505

26.06120765

15.61246264

8.47998356

24.09005485

8.36620515

16.01205876

25.7130005

14.47258871

9.19553985

24.438262

9.50607908

14.57557479

25.66242083

14.2267594

10.63202382

24.48884167

9.75190838
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12.34843399

26.24461439

14.74841532
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12.85916462

23.90664811

9.23025246

11.38352967

26.8717501

15.62553101

13.82406894

23.2795124

8.35313677

11.57910136

27.38435668

16.90673521

13.62849725

22.76690581

7.07193257

10.45532861

27.80247075

17.60518584

14.75227

22.34879175

6.37348194

9.17291213

27.72528097

16.98305931

16.03468648

22.42598153

6.99560848

8.99945309

27.31252819

15.6614031

16.20814552

22.83873431

8.31726469

10.14208644

26.83548795

14.98136808

15.06551217

23.31577455

8.9972997

10.39668759

26.20556602

13.67304401

14.81091102

23.94569648

10.30562378

16.23605857

26.5458648

16.43435545

18.64298378

25.89959424

16.5544646

19.72301345

24.88801582

14.5410478

18.48962601

24.58037661

12.43859821

12.6101381

22.71962959

6.68261492

14.69155327

21.9957048

5.33491788

16.94131574

22.19352849

6.41774656

17.17913039

22.85307812

8.81005029

5.48458516

25.26324667

9.43761998

6.56461483

24.25166826

7.42420318
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8.97154004

23.6053977

7.54431233
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6.7179726

25.57088588

11.54006957

8.02846822

27.29818438

15.1686175

8.26628287

27.95773401

17.56092122

10.51604534

28.1555577

18.6437499

12.59746051

27.43163291

17.29605286

15.75904403

24.23514856

11.19134781

9.44855458

25.91611393

12.78731998

14.3673726

25.12454667

12.97157206

10.84022601

25.02671583

11.00709572

13.64053758

26.13226164

15.05282451

11.56706103

24.01900086

8.92584327

11.72108317

25.85335892

13.6065032

z|Zz|Z2|Z2|Zz2|z|z|z|2 ||| |XT

13.48651544

24.29790358

10.37216458

N
=}

12.60379931

25.07563125

11.98933389

15.58774386

21.06263881

12.36491177

9.66301058

21.55014721

11.61375602

16.64423914

21.41024047

13.31182936

8.60651531

21.20254555

10.66683843

18.00025572

21.16896502

13.3219004

7.25049872

21.443821

10.65676739

18.69570374

21.38095034

14.50735777

6.5550507

21.23183569

9.47131001

18.08710992

21.91755529

15.65783028

7.16364452

20.69523074

8.32083751

16.74919296

22.29196941

15.61246264

olNoNNoNNEoNNoNNoNNoNNEoN NN NN NG NG!

8.50156148

20.32081661

8.36620515
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16.03363668

21.94376227

14.47258871

9.21711777

20.66902376

9.50607908

14.5971527

21.8931826

14.2267594

10.65360174

20.71960343

9.75190838

12.3700119

22.47537615

14.74841532

12.88074254

20.13740988

9.23025246

11.40510759

23.10251187

15.62553101

13.84564685

19.51027416

8.35313677

11.60067928

23.61511845

16.90673521

13.65007517

18.99766758

7.07193257

10.47690652

24.03323251

17.60518584

14.77384792

18.57955352

6.37348194

9.19449004

23.95604274

16.98305931

16.0562644

18.65674329

6.99560848

9.02103101

23.54328996

15.6614031

16.22972344

19.06949607

8.31726469

10.16366436

23.06624972

14.98136808

15.08709009

19.54653631

8.9972997

10.41826551

22.43632778

13.67304401

14.83248894

20.17645824

10.30562378

16.25763649

22.77662657

16.43435545

18.6645617

22.130356

16.5544646

19.74459137

21.11877759

14.5410478

18.51120393

20.81113838

12.43859821

12.63171601

18.95039135

6.68261492

T |lD D |jElmO|lalaaajlalaojlaojlajlaolaojajlalajajlalalajlalalao

1471313119

18.22646656

5.33491788
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16.96289366

18.42429026

6.41774656

17.20070831

19.08383988

8.81005029

5.50616307

21.49400844

9.43761998

6.58619275

20.48243003

7.42420318

8.99311796

19.83615946

7.54431233

6.73955052

21.80164765

11.54006957

8.05004614

23.52894614

15.1686175

8.28786079

24.18849577

17.56092122

10.53762325

24.38631947

18.6437499

12.61903843

23.66239467

17.29605286

15.78062195

20.46591033

11.19134781

9.4701325

22.1468757

12.78731998

14.38895052

21.35530844

12.97157206

10.86180392

21.25747759

11.00709572

13.6621155

22.3630234

15.05282451

11.58863895

20.24976262

8.92584327

11.74266109

22.08412068

13.6065032

Zz|Zz|Zz|Zz2|z|z|z|z|Z|Z|Z ||| ||| |x

13.50809336

20.52866534

10.37216458

N
=

12.62537722

21.30639301

11.98933389

15.60932178

17.29340058

12.36491177

9.6845885

17.78090898

11.61375602

16.66581706

17.64100224

13.31182936

8.62809323

17.43330732

10.66683843

18.02183364

17.39972679

13.3219004

7.27207664

17.67458277

10.65676739

ajajlaajlaoja|a

18.71728166

17.6117121

14.50735777
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6.57662862

17.46259745

9.47131001

18.10868784

18.14831705

15.65783028

7.18522244

16.9259925

8.32083751

16.77077088

18.52273118

15.61246264

8.5231394

16.55157838

8.36620515

16.0552146

18.17452403

14.47258871

9.23869569

16.89978552

9.50607908

14.61873062

18.12394436

14.2267594

10.67517966

16.95036519

9.75190838

12.39158982

18.70613791

14.74841532

12.90232046

16.36817164

9.23025246

11.42668551

19.33327363

15.62553101

13.86722477

15.74103592

8.35313677

11.6222572

19.84588021

16.90673521

13.67165309

15.22842934

7.07193257

10.49848444

20.26399427

17.60518584

14.79542584

14.81031528

6.37348194

9.21606796

20.1868045

16.98305931

16.07784232

14.88750505

6.99560848

9.04260892

19.77405172

15.6614031

16.25130136

15.30025783

8.31726469

10.18524228

19.29701148

14.98136808

15.108668

15.77729807

8.9972997

10.43984343

18.66708955

13.67304401

14.85406686

16.40722001

10.30562378

- NoNNoNNEoNEoNNoNNoNNoNEoN EoNEoNNoNNoNNEoN EoNNoN NoNNoNNEoN EoNEoN NoNNEoN NN No NN

16.27921441

19.00738833

16.43435545
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18.68613961

18.36111776

16.5544646

19.76616929

17.34953935

14.5410478

18.53278185

17.04190014

12.43859821

12.65329393

15.18115312

6.68261492

14.73470911

14.45722832

5.33491788

16.98447158

14.65505202

6.41774656

17.22228623

15.31460165

8.81005029

5.52774099

17.7247702

9.43761998

6.60777067

16.71319179

7.42420318

9.01469588

16.06692122

7.54431233

6.76112844

18.03240941

11.54006957

8.07162406

19.75970791

15.1686175

8.30943871

20.41925753

17.56092122

10.55920117

20.61708123

18.6437499

12.64061635

19.89315644

17.29605286

15.80219987

16.69667209

11.19134781

9.49171042

18.37763746

12.78731998

14.41052844

17.5860702

12.97157206

10.88338184

17.48823935

11.00709572

13.68369342

18.59378517

15.05282451

11.61021687

16.48052438

8.92584327

11.76423901

18.31488245

13.6065032

Zz|Z2|Zz2z|z2|z2z|z|z|z||Z ||| | ||| ||| |T

13.52967128

16.75942711

10.37216458

N
=

12.64695514

17.53715478

11.98933389
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Table S2: Atomic coordinates (A) of the [B-phase ZnPc tetramer.

Atom X y z

N 17.58542678 | 7.17396965 6.9709536

C 17.20622825 | 7.7056552 | 8.13520617
C 18.63372317 | 7.62721265 | 6.26171678
N 17.79361216 | 8.71891508 | 8.83364545
C 15.98607676 | 7.26554419 | 8.82241864
N 19.51255061 | 8.6141212 | 6.60439846
C 19.01260407 | 7.05514113 | 4.97489393
Zn | 19.40366875 | 9.70583333 | 8.25500277
C 17.03048884 | 8.97689613 | 9.96989705
C 15.06400442 | 6.28207151 | 8.51001632
C 15.86532479 | 8.10142026 | 9.9397828

C 20.47254601 | 8.73490059 | 5.60607144
C 18.46799769 | 6.06543731 | 4.17874844
C 20.1525984 | 7.77940983 | 4.56996953
N | 21.01372535 | 10.69276129 | 7.6763601

N 19.29478689 | 10.79755517 | 9.90560709
N 17.3010064 | 9.84264676 | 10.95191218
C 13.99607865 | 6.08369398 | 9.40997672
H 15.1708475 | 5.68865686 | 7.59790455
C 14.79321406 | 7.90170333 | 10.83343638
N | 21.50633111 | 9.5690005 5.55809337
C 19.10322618 | 5.80011865 | 2.96561965
H 17.59873661 | 5.49581166 | 4.47678706
C 20.75893528 |  7.536104 3.3287143
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21.77684867

10.43475112

6.5401085

21.60110926

11.70599205

8.37479937

18.33479149

10.67674666

10.9039341

20.17361434

11.78446372

10.24828876

13.86004561

6.91840535

10.52060479

13.20860289

5.36262821

9.18920493

14.68256341

8.51488876

11.72573614

20.21759214

6.53510258

2.56245852

18.67660998

5.02678696

2.33276803

21.64427889

8.08627916

2.97912484

2294201272

11.31025611

6.57022275

22.82126074

12.14613218

7.6875869

21.22191073

12.23770672

9.53905194

18.65473911

11.63223743

11.94003601

19.79473343

12.35653524

11.53511161

12.99893607

6.78758042

11.17938703

20.62192567

6.3348033

1.56002382

24.01412345

11.50997304

5.67656917

23.74333309

13.12960486

7.99998923

18.04840222

11.87554326

13.18129125

20.33933981

13.34620995

12.3312571

24.9472919

12.49327102

5.98940075

24.1247741

10.89675849

4.78426941

24.81125885

13.32798239

7.10002882

23.63649001

13.72301951

8.91210099

ol NN NoN NN NN EoN NoNNoNNeoN ="l N Noll Nol 4l Nol Nel -l N} Noll =i -l No N No N No N NolNe

18.58974345

12.87654467

13.94755362
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17.16306054

11.32536809

13.5308741

19.70411325

13.61155773

13.54437929

21.20860089

13.91586472

12.03321848

25.80840144

12.62406683

5.33061851

25.59873461

14.04904816

7.32080062

18.18541375

13.07687307

14.94997512

T | D | E | E || QT

20.13072657

14.38488941

14.17724082

N
=

19.40366875

14.55875

8.25500277

21.01372535

15.54565854

7.6763601

17.79361216

13.57184146

8.83364545

19.51255061

13.46701845

6.60439846

19.29478689

15.65048154

9.90560709

21.77684867

15.2876775

6.5401085

21.60110926

16.55891843

8.37479937

17.03048884

13.8298225

9.96989705

17.20622825

12.55858157

8.13520617

20.47254601

13.58782696

5.60607144

18.63372317

12.48013903

6.26171678

18.33479149

15.52967304

10.9039341

20.17361434

16.63736097

10.24828876

22.94201272

16.16315337

6.57022275

21.50633111

14.42192687

5.55809337

22.82126074

16.99902944

7.6875869

21.22191073

17.09060398

9.53905194

15.86532479

12.95434663

9.9397828

z | oz | o|lZ|laoajlcajlalajlajla|laojl|Q|Z2 |z |z |Z

17.3010064

14.69557313

10.95191218
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15.98607676

12.11847056

8.82241864

17.58542678

12.02689602

6.9709536

20.1525984

12.6323362

4.56996953

19.01260407

11.90803839

4.97489393

18.65473911

16.4851638

11.94003601

19.79473343

17.20946161

11.53511161

24.01412345

16.3628703

5.67656917

23.74333309

17.98253124

7.99998923

14.79321406

12.7546297

10.83343638

15.06400442

11.13496876

8.51001632

20.75893528

12.38903037

3.3287143

18.46799769

10.9190625

4.17874844

18.04840222

16.72846963

13.18129125

20.33933981

18.1984375

12.3312571

24.9472919

17.34616827

5.98940075

24.1247741

15.74968487

4.78426941

24.81125885

18.18087965

7.10002882

23.63649001

18.57594589

8.91210099

13.86004561

11.77133172

10.52060479

14.68256341

13.36781513

11.72573614

13.99607865

10.93662035

9.40997672

15.1708475

10.54155411

7.59790455

20.21759214

11.38802895

2.56245852

21.64427889

12.93920553

2.97912484

19.10322618

10.65304502

2.96561965
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17.59873661

10.34870891
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18.58974345

17.72947105

13.94755362

17.16306054

16.17829447

13.5308741

19.70411325

18.46445498

13.54437929

21.20860089

18.76879109

12.03321848

25.80840144

17.4769932

5.33061851

25.59873461

18.90197453

7.32080062

12.99893607

11.6405068

11.17938703

13.20860289

10.21552546

9.18920493

20.62192567

11.18772967

1.56002382

18.67660998

9.87968422

2.33276803

18.18541375

17.92977033

14.94997512

20.13072657

19.23781578

14.17724082

17.58542678

16.87979328

6.9709536

17.20622825

17.41150794

8.13520617

18.63372317

17.33303628

6.26171678

1779361216

18.42473871

8.83364545

15.98607676

16.97136781

8.82241864

19.51255061

18.31994483

6.60439846

Alz|o|lzjoa|j2z | T T |T|T ||| T |- |OQ|Z-|0O

19.01260407

16.76096476

4.97489393

N
=

19.40366875

19.41166667

8.25500277

17.03048884

18.68274888

9.96989705

15.06400442

15.98789513

8.51001632

15.86532479

17.80724389

9.9397828

20.47254601

18.44075334

5.60607144

18.46799769

15.77129005

4.17874844

ajaja|laoja|a

20.1525984

17.48526257

4.56996953
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21.01372535

20.39858492

7.6763601

19.29478689

20.5033788

9.90560709

17.3010064

19.5484995

10.95191218

13.99607865

15.78951761

9.40997672

15.1708475

15.39448048

7.59790455

14.79321406

17.60752695

10.83343638

21.50633111

19.27485324

5.55809337

19.10322618

15.50594227

2.96561965

17.59873661

15.20163528

4.47678706

20.75893528

17.24195674

3.3287143

21.77684867

20.14060387

6.5401085

21.60110926

21.4118448

8.37479937

18.33479149

20.38259941

10.9039341

20.17361434

21.49028734

10.24828876

13.86004561

16.62422898

10.52060479

13.20860289

15.06845184

9.18920493

14.68256341

18.2207415

11.72573614

20.21759214

16.24095533

2.56245852

18.67660998

14.73261059

2.33276803

21.64427889

17.7921319

2.97912484

22.94201272

21.01607974

6.57022275

22.82126074

21.85195581

7.6875869

21.22191073

21.94353035

9.53905194

18.65473911

21.33809017

11.94003601

19.79473343

22.06235887

11.53511161

T | oozl |la|lziaoln|lalz|z |z

12.99893607

16.49343317

11.17938703

S16



20.62192567

16.04062693

1.56002382

24.01412345

21.21579667

5.67656917

23.74333309

22.83542849

7.99998923

18.04840222

21.581396

13.18129125

20.33933981

23.05206269

12.3312571

24.9472919

22.19909465

5.98940075

24.1247741

20.60261124

4.78426941

24.81125885

23.03380602

7.10002882

23.63649001

23.42884314

8.91210099

18.58974345

22.58239742

13.94755362

17.16306054

21.03122084

13.5308741

19.70411325

23.31738135

13.54437929

21.20860089

23.62168834

12.03321848

25.80840144

22.32991957

5.33061851

25.59873461

23.75487179

7.32080062

18.18541375

22.7826967

14.94997512
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20.13072657

24.09071303

14.17724082
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19.40366875

24.26458333

8.25500277

17.79361216

23.27766508

8.83364545

21.01372535

25.25151129

7.6763601

19.51255061

23.1728712

6.60439846

19.29478689

25.35630517

9.90560709

17.03048884

23.53564613

9.96989705

17.20622825

22.2644052

8.13520617

21.77684867

24.99350112

6.5401085
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21.60110926

26.26474205

8.37479937
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20.47254601

23.29365059

5.60607144

18.63372317

22.18596265

6.26171678

18.33479149

25.23549666

10.9039341

20.17361434

26.34321372

10.24828876

15.86532479

22.66017026

9.9397828

17.3010064

24.40139676

10.95191218

15.98607676

21.82429419

8.82241864

17.58542678

21.73271965

6.9709536

22.94201272

25.86900611

6.57022275

21.50633111

24.12775049

5.55809337

22.82126074

26.70488218

7.6875869

21.22191073

26.79645672

9.53905194

20.1525984

22.33815983

4.56996953

19.01260407

21.61389113

4.97489393

18.65473911

26.19098743

11.94003601

19.79473343

26.91528524

11.53511161

14.79321406

22.46045333

10.83343638

15.06400442

20.84082151

8.51001632

24.01412345

26.06872304

5.67656917

23.74333309

27.68835486

7.99998923

20.75893528

22.094854

3.3287143

18.46799769

20.62418731

4.17874844

18.04840222

26.43429326

13.18129125

20.33933981

27.90495995

12.3312571

13.86004561

21.47715535

10.52060479

==l ol NoNNoNNoNEoN ol NoNNoN NN EoN NoN EoNNoN I NoN A NoN 1 NoN I NoNNoN NN NoNNe

14.68256341

23.07363876
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13.99607865

20.64244398

9.40997672

15.1708475

20.24740686

7.59790455

24.9472919

27.05202102

5.98940075

24.1247741

25.45550849

4.78426941

24.81125885

27.88673239

7.10002882

23.63649001

28.28176951

8.91210099

20.21759214

21.09385258

2.56245852

21.64427889

22.64502916

2.97912484

19.10322618

20.35886865

2.96561965

17.59873661

20.05456165

4.47678706

18.58974345

27.43529467

13.94755362

17.16306054

25.88411809

13.5308741

19.70411325

28.17030772

13.54437929

21.20860089

28.47461472

12.03321848

12.99893607

21.34633042

11.17938703

13.20860289

19.92137821

9.18920493

25.80840144

27.18281683

5.33061851

25.59873461

28.60779816

7.32080062

20.62192567

20.8935533

1.56002382

18.67660998

19.58553696

2.33276803

18.18541375

27.63562307

14.94997512
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20.13072657

28.94363941
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Table S3: Vertical excitation energies AE and oscillator strengths of the first 16 adiabatic
excited states of the a-phase ZnPc tetramer.

State AE (eV) Oscillator Strength

S1 1.5602 0.0000
S 1.6251 0.0000
S3 1.6898 0.0523
Sa 1.7467 0.0408
Ss 1.8997 0.0000
Se 1.9440 0.0000
S7 2.0883 1.6547
Sg 2.1016 1.9623
S9 2.1987 0.0000
S0 2.2307 0.3640
St 2.2782 0.0000
S 2.3017 0.2710
Si3 2.3169 0.0000
Sia 2.3567 0.8085
Si5 2.3926 0.0000
Sie 24184 0.4645

Table S4: Vertical excitation energies AE and oscillator strengths of the first 16 adiabatic
excited states of the 3-phase ZnPc tetramer.

State AE (eV) Oscillator Strength

S1 1.5118 0.0000
S 1.6416 0.0775
S3 1.8226 0.0000
Sa 1.8457 0.0000
Ss 1.8801 0.0706
Se 1.9380 2.9002
S7 1.9593 0.0000
Sg 2.0807 2.4743
So 2.2163 0.0000
S0 2.2357 0.3943
St 2.2601 0.0000
Sz 2.2909 0.2008
Si3 2.3679 0.0000
S14 23973 0.6254
Sis 2.4608 0.0005
Sie  2.4635 0.1289
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Table S5: Energies, state types, and transition dipole moments (a.u.) of the quasi-diabatic
states of the o.-phase ZnPc tetramer.

Transition dipole moment
X y z

State  Energy (eV) Type

I1,1;L;) 19025  LE 3.9381 -1.0053 -0.7454
I1,1:L,) 19615  LE 1.0256 1.5253 3.7628
2,2:1;)  1.8838  LE 37113 -0.9321 -0.6316
2,2:1,) 19438  LE 0.8657 14776 3.5524
3,3;L;) 1.8838  LE 37113 -09321 -0.6316
3,3:L,) 19438  LE 0.8657 14776 3.5524
[4,4:1;) 19025  LE 3.9381 -1.0053 -0.7454
4,4:1,) 19615  LE 1.0256 1.5253 3.7628
I1,2:1;) 24372  CT -0.0013 -0.1786 0.1263
I1,2:L,) 25277  CT 0.1110 02612 -0.0272
2,3:;L;) 23028  CT 0.0145 -0.1857 0.1443
2,3:L,) 23931  CT 0.1232 02767 -0.0319
3,4:1;) 21827  CT 0.0136 -0.1785 0.1472
3,4:L,) 22677  CT 0.1346 0.2837 -0.0385
2,1:1;) 21827  CT 0.0136 -0.1785 0.1472
2,1:L,) 22677  CT 0.1346 0.2837 -0.0385
3,2:L;) 23028  CT 0.0145 -0.1856 0.1443
3,2:L,) 23931  CT 0.1232 02766 -0.0319
4,3:1;) 24372 CT -0.0013 -0.1786 0.1262
4,3:L,) 25277  CT 0.1110 02612 -0.0272
I1,3:L;) 33282  CS -00124 00182 0.0156
11,3;L,) 34103  CS  0.0068 -0.0238 -0.0206
2,4;L;)  3.0754  CS -0.0056 0.0157 0.0098
2,4:1,) 31532  CS 0.0072 -0.0226 -0.0092
3,1:1;) 30754  CS -0.0053 0.0156 0.0096
3,1:L,) 31532  CS 0.0073 -0.0227 -0.0093
4,2:1;) 33282  CS -0.0122 0.0182 0.0156
4,2;L,) 34103  CS  0.0068 -0.0237 -0.0202
I1,4;L;)  3.665]  CS 00016 -0.0014 -0.0031
I1,4:L,)  3.7418  CS 0.0013 -0.0016 -0.0020
4,1;L))  3.6651 CS  0.0018 -0.0013 -0.0029
4,1:1,)  3.7418  CS  0.0016 -0.0017 -0.0021

S21



Table S6: Energies, state types, and transition dipole moments (a.u.) of the quasi-diabatic
states of the S-phase ZnPc tetramer.

Transition dipole moment
X y z

State  Energy (eV) Type

I1,1;L;) 18179  LE 2.0872 -0.9830 -3.7565
I1,1:1,) 19568  LE 2.8662 3.1876 0.8834
2,2:L;)  1.8208  LE 19300 -1.0409 -3.6119
2,2:L,) 19255  LE 27753 3.0662 0.6948
3,3;L;) 18210 LE 19233 -1.0478 -3.6129
3,3;L,) 19256  LE 27793 3.0641 0.6870
4,4:1,) 18179  LE 2.0874 -0.9827 -3.7566
4,4:1,) 19567  LE 2.8659 3.1875 0.8837
I1,2:L;) 23801  CT 0.0924 -0.0510 -0.1102
I1,2:L,) 26179  CT -0.0159 0.0434 -0.0438
2,3;L;) 23038  CT 0.0859 -0.0532 -0.0969
2,3;L,) 25323 CT -0.0368 0.0571 -0.0434
3,4;L;) 22348  CT 0.0823 -0.0503 -0.1012
3,4:L,) 24637  CT -0.0538 0.0566 -0.0448
2,1:1;) 22344  CT 0.0817 -0.0504 -0.1006
2,1;1,) 24634  CT -0.0544 0.0558 -0.0450
3,2:L;) 23044  CT 0.0864 -0.0531 -0.0975
3,2;L,) 25328  CT -0.0369 0.0571 -0.0434
4,3:1;) 23798  CT 0.0924 -0.0512 -0.1102
4,3:L,) 26176 CT -0.0158 0.0432 -0.0442
I1,3:L;) 33466  CS -0.0129 -0.0043 0.0255
I1,3:L,) 35753 CS  0.0034 00041 0.0064
2,4:1;) 32086  CS -0.0016 -0.0041 0.0133
2,4:1,) 34395  CS 0.0051 0.0012 0.0044
3,1;L;) 32090 CS -0.0014 -0.0037 0.0135
3,1:1,) 34398  CS 0.0049 0.0012 0.0044
4,2:L;) 33467  CS -0.0127 -0.0039 0.0257
4,2:L,) 35754  CS  0.0035 0.0042 0.0063
I1,4:L;)  3.7342  CS 0.0012 0.0000 -0.0011
I1,4:L,) 39712  CS -0.0001 -0.0018 -0.0010
4,1;1;) 37342 CS  0.0008 -0.0001 -0.0010
4,1;L,) 39710  CS -0.0000 -0.0018 -0.0011
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Table S7: Electronic couplings (meV) between the quasi-diabatic states of the a-phase ZnPc
tetramer. Couplings smaller than 10 meV are not listed. The subscript of V,,, . LiLy (see
Eq. (2) in the main text for the notation convention) is simplified for the sake of clarity.

LiLy L[, LiL, LyL,

Vitpe Viiss Vitaa | Ve Vs Vil
186 50.8 20.0 171 47.6 18.9

V33 Voo Vao3z  Vaoaa
181 50.8 166 47.6
V3344 V3344
186 171
Vi, Vins Vi, Vins Viti2 Viti2
-15.0 -17.5 24.0 -12.1 -136 -133

Vaoor Va3 Vaopa | Vaoor Vaopz Vaooa | Vaopr Vaoos | Vaopor Vooos
-20.2 -16.4 -17.8 29.0 27.8 -12.3 -136 -137 -132 -134
Vaizzt Vazso Vazsa | Vazszr Vazze Vaszsa | Vazse Viazss | Vazze  Vazas
-17.8 -16.3 -20.2 -12.3 27.8 29.0 -137 -136 -134 -132

Vasas  Vasw Vi gz Vasa Vs 43 Via 43
-15.0 -17.5 24.0 -12.2 -136 -133
Vitpr Viai Vitpt Viai Vi1
-12.9 21.8 -15.5 21.3 13.3
Voo Vo Vaoan | Voo Vs Voo Voo, Vo2
-11.1 -13.9 22.2 -14.9 -17.5 21.8 13.7 14.9
Vizas Vazos Vazas | Vazis Vazps Viszas Vizpz  Va343
22.2 -13.9 -11.1 21.9 -17.5 -14.9 14.9 13.7
Vasza  Vaaos Vaaza  Vaaos Va4 34
-12.9 21.8 -15.5 21.3 13.3
Vius  Vizia  Vizs Vios Vizasa | Vizgs Vizaa
-13.6 -13.0 -14.4 -133 -133 -133 -133
Vo123 Vazoa Vo123 V2304 V3,24
-15.0 -15.3 -10.8 -132 -132
Vioz1 Va4 V32,34 V3231 V3231
-15.3 -15.0 -10.8 -132 -132
Vizao  Vazar Vaom Vizsao Vaorar | Vs Varm
-13.6 -12.9 -14.4 -133 -133 -133 -133

Voargt Varar Varar | Vaizr Vaiar Vaia
-27.1 21.8 -24.3 -26.8 21.7 -24.2

Vi Vo Vize Vaa

17.4 -23.7 17.3 -23.9
Voziz Vazas Voziz Vazas
-23.7 174 -23.9 17.3

Vaana  Vaana Voaia | Vaaps  Vagia  Vas 4
-27.1 21.8 -24.3 -26.7 21.7 -24.2
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Table S8: Electronic couplings (meV) between the quasi-diabatic states of the 3-phase ZnPc
tetramer. Couplings smaller than 10 meV are not listed. The subscript of V,,, . LiLy (see
Eq. (2) in the main text for the notation convention) is simplified for the sake of clarity.

LyLy 1515) LiL L1y

Vitpe Viiss Viigas | Vi Vitpe  Viiss | Vit Viiss
186 42.5 12.9 68.1 37.0 11.6 28.4 11.9
V33 Voo V2233 Vo33 Vaouaa | Vo233 Vaoua
177 42.5 66.3 35.1 11.9 34.6 11.5
V33,44 V33,44 V33,44 V33,44

186 68.1 28.2 374

Vi, Vins Viti2 Viti2 Vit12

-58.1 -16.3 -53.2 24.6 18.2

Vaoor Vo3 Vaoa | Vo1 Va3 Vaoor Va3 | Vaoor Va3
-59.3 -63.0 -15.8 -54.2 -53.5 28.5 28.2 14.9 17.2
Vizazr Vazse  Vizag Viszo Vazaa | Vazze Vazas | Vazze  Vazag
-15.8 -63.0 -59.3 -53.5 -54.2 28.4 28.7 17.0 14.7
Vasas  Vasw Viaa 43 Vs 43 Via 43

-58.1 -16.3 -53.1 24.4 18.3

Vit Vi Vit Vi

-63.2 17.3 -80.4 16.3

Voo Vo Vaoan | Voo Vs Voo
-64.3 -61.1 16.7 -79.4 -76.5 16.5

Visaz Vazzs Vazas | Vazz Vaszos Vasas V3343

16.8 -61.2 -64.3 16.5 -76.5 -79.4 10.1

Vasza  Vaaos Vaaza  Vaaos

-63.2 17.3 -80.4 16.2

Viuos  Vizisa  Vizaa | Vizas Vizas | Vizazs Vizaa | Vizazs Viza

-52.8 -11.7 -58.1 -55.3 -53.2 23.1 25.8 26.2 20.0
V2304 V2304 V2304 V3,24
-50.7 -54.3 274 22.1

V3231 V3231 V3231 V3231

-50.7 -54.4 27.3 22.2

Vizsao  Vazar Vara | Vs Vaoar | Vazar  Vaoar | Vazar Vi s

-52.9 -11.7 -58.1 -55.3 -53.3 23.3 25.7 26.0 20.1

Voargt Varar Varar | Vaizr Vaiar Vaia
-75.8 15.3 -80.0 -75.8 154 -80.5

Vi Vo Vize Vaa

12.0 -79.1 12.9 -79.0
Voziz Vazas Voziz Vazas
-79.0 12.0 -79.0 13.0

Vaana  Vaana Voaia | Vaaps  Vagia  Vas 4
-75.8 15.3 -80.0 -75.8 154 -80.4
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I1. Parameterization of the Aggregate Hamiltonian

The aggregate Hamiltonian for the spectral and dynamic simulations can be written as

Ay =YY Eypp,|n,m; Li)(n,m; Li|

i nm

N-I
+ZZVILLIZ ln,n;L;)(n+1,n+1;L;|+H.c.)
ij I= n=1
N—I
+) Z 00 Y (Inoms L) (nyn+ Ly | + |+ Ln+ L) (n+1,n; Lj| +H.c.)
P lLL = s by Lij 5 s Lej y s , 5 Lij .C.
ij
her N _ , . (S1)
—|—Z ZtlLL (ln,n;Li)(n+1,m;Lj| +|n+1,n+1;L;)(n,n+1;L;| +H.c.)
ij =1 n=1
N—I
+ZZIeCt Z (|m,n;L;j){m,n+1;L;| +H.c.)
lLiLj g Fbs g ’ sLij .C.
ij I= n=1 m#n
m#n+1
h,ct N L .- L: H
+Z[ZtlL,'Lj ) ; (|n7m’ l><n+ ;m, ]“{’ C)
1] n= m#n
m#n+1

As compared with Eq. (2) in the main text, it can be found that we have already assumed that the
state energies are location-dependent, whereas the electronic couplings are not. This is motivated
by the diabatization results of the ZnPc tetramer presented in Fig.2 and Fig.3 in the main text.

Likewise, the transition dipole moment operator of the aggregate is expressed as

P=Y b, (In,n:Li)(g| +18) (n,m: Lil) (52)

ni

As compared with the symbol ﬁn,m;L[ used in Eq. (6) in the main text, we have introduced a new
symbol [, z, for the transition dipole moment of the aggregate to distinguish from that of the
tetramer. The location-dependence of [, is retained, and we have assumed a zero oscillator
strength for the CT and CS states. Eq.(S1) and Eq. (S2) are parameterized based on the data of
the ZnPc tetramer. In the following, we detailedly list the relation between the parameters of the

tetramers and the aggregates for the o and 8 phases.
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State energies in the middle of the aggregate for the o phase

Epp1, = %(152,211 +E33.,) = 1.88eV

Enni, = %(Ez,u2 +E33.,)=1.94eV

Eppirin, = Enp1mn, = %(E273;L1 +E32.0,) =2.30eV
Enniti, = Entinmr, = %(E2,3;L2 +E32;1,) =2.39eV
Ennior, = Ensoni, = E(E 13:.0, +Er4,) =3.21eV
T %(E1,3;L2 +E41,) =3.28 eV
Enni3i1, = Ename, = E1 4, =3.67 ¢V

En,n+3;L2 = Ln+3n;Ly, — El,4;L2 =3.74¢eV

~ ~ 1.930 eV
Eyniin, = Engipr, =4.228 eV — — forl >3
~ ~ 1.900 eV
Eypiin, = Entipg, =4.288 eV — — forl >3
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State energies in the middle of the aggregate for the 3 phase

Epp1, = %(152,211 +E33.,) =1.82eV

Enni, = %(Ez,u2 +E330,) =1.93eV

Eppirin, = Enp1mn, = %(E273;L1 +E32.0,) =2.30eV
Enniti, = Entinmr, = %(E2,3;L2 +E32;1,) =2.53eV
Ennior, = Ensoni, = %(E 13:.0, +E241,) =3.28 eV
T %(E1,3;L2 +E41,) =3.51eV
Enni3i1, = Ename, = E1ax, =373 eV

En,n+3;L2 = Ln+3n;Ly, — El,4;L2 =3.97eV

~ ~ 2.096 eV
Eynti:n, = Engipr, =4.387 eV — — forl >3
~ ~ 2.101 eV
Eypiin, = Entipg, =4.623 eV — — forl >3
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State energies at the boundaries of the aggregate for the o phase

—

El,l;Ll = EN,N;LI = —(E1 1.0, + Ea41,) = 1.90 eV

— N

E1,1;L2 = EN7N;L2 = —(E11.1, + Es4,1,) =196 eV

\9)

= ~ 1
Ey 0y = ENN-131, = 5(151,211 +Ey3.0,) =244eV

- - 1
Ey 20, =EnN-1;0, = E(El,z;Lz +Es3,,) =2.53eV

~ - 1
By = EN-1niLy = 5(152,111 +E34;1,) =2.18eV

~ ~ 1
E> 1.0, = EN-1 N, = E(EZ’I;LZ +E3,4;L2) =227eV

~ - 1
Ei131, =EnN-21, = §(E1 3, +Es20,) =3.33eV

~ ~ 1
Ei31, = Enn-2i1, = 5(E1,3;L2 +Es0,p,) =341eV

~ - 1
E3 1, =En-oni, = §<E3,1;L1 +E>4.p,) =3.08eV

~ ~ 1
E3 11, = EN-oni, = 5(E3,1;L2 +Ey4.0,) =3.15eV

S28



State energies at the boundaries of the aggregate for the S phase

—

Ei 1, =Evni, = 5(Ev, +Ess,) = 1.82 eV

— N

E1,1;L2 = EN7N;L2 = —(E11.1, + Es4,1,) =196 eV

\9)

- - 1
Ei21, =EnNn-1.1, = E(El,z;L1 +E43,0,) =2.38eV

- - 1
Eip, =ENN-1L, = E(El,z;Lz +E43.1,) =2.62eV

- . 1
Er i, =En-iniL, = E(EZJ;LI +E34.0,) =223V

- - 1
E> 1, = En-1 Ny, = E(Ez,l;Lz +E34,,) =2.46 eV

~ - 1
Ei131, =EnN-21, = 5(E1 3, +Es20,) =3.35eV

- - 1
E131, =ENN-21, = 5(E1,3;L2 +Es20,) =3.58eV

~ - 1
E3 1, =En-oni, = §<E3,1;L1 +Ey4p,) =321eV

- ~ 1
B3, =ENonL, = 5(E3,1;L2 +Ey44,) =3.44eV

Electronic couplings for exciton transfer for the o phase

~ 1
ViLe = §(Vll,22;L1L1 + Vo 33:0,0, +V33.44:1,1,) = 184.3 meV

‘71,L2Lz = §(V11,22;L2L2 +V2233.1,1, + V33 44:1,1,) = 169.3 meV

_ 1
i =5 o ko) ,44; — .
VL, 2(V1133L,Ll +Va2.44;1,1,) = 50.8 meV

= 1
VoL, = E(Vl 133:L,L, + V22,44;0,1,) = 47.6 meV
‘73,L1L1 = Vi1 44,1, = 20.0 meV

V3,0, = Vi1 44:0,1, = 18.9 meV
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Electronic couplings for exciton transfer for the 3 phase

~ 1
Vi = 7 Vii2onn + V233,00, +Va3440,,) = 183.0 meV

3

~ 1

Vi, = 5 (V1221050 + V2233051, + V33,44:1,1,) = 67.5 meV
3

‘72,L1L1 = —(Vi133.0,1, + Vo2,44:1,1,) = 42.5 meV
2

‘73,L1L1 =Vi144.0,1, = 12.9 meV

~ 1
Vi = 7 (Vii22.00, + V22,3300, + Va3 44.0,1,) = 33.4 meV

3
‘71,L2L1 = g(Vll,zz;Lle +V2233:0,1, + V33,44,0,1,) = 33.5 meV
~ 1
V2»L1L2 = _(Vll,33;L1L2 +V22,44;L1L2) == 11.8 meV

2

~ 1
Vo, = 5 (V133051 +V22,44:0,1,) = 11.7 meV
2

(S3)
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Electronic couplings for exciton dissociation for the o phase

e,ex

1
N = §(V11,12;L1L1 + Vo o3.0,0, +V3334:,1,) = —17.2 meV

e,ex

1
tl,Lsz = §(V117127L2L2 + V22,23;L2L2 + V33734’L2L2) = 26.9 meV

1
Wiz = 3 Vit +Vaass s, +Visu,) = —136.3 meV

e,ex

1
N, = g(vll,IZ;Lle +Va23.0,0, + V33 34:0,1,) = —133.0 meV

e,ex

1
b= §<Vll713;L1L1 +Vao4.r,1,) = —17.7 meV

1
tze:zLZ = §(V11,13;L2L2 +Va24:0,1,) = —12.2 meV

h,ex 1
tl,LlLl = §<V11721,L1L1 +V22,32,L1L1 +V33743,L1L1) =—12.6 meV

h,ex 1
L, = §(V11,21;L2L2 +V2230:0,1, + V33 43:0,1,) = —16.0 meV

h,ex 1
N, = g(vll,Zl;Lle +V232.1,1, +V33,43;L2L1) = 14.0 meV

1

h, 1
tz,ng = §(V11,31;L2L2 + Va2 42.1,1,) = 21.6 meV
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Electronic couplings for exciton dissociation for the $ phase

eex
h JLily —

el
Loy —

peer
LLiL, —

feer
LLLy —

(0%
2.LL; —

hex
N, =

th,ex _
1oLy —

th,ex o
2,LL; —

th,ex _
2,00l —

%(Vll,lz;LlLl + Vo 03.0,1, +V33341,1,) = —60.1 meV
%(Vll,n;Lsz +V2223:0,1, +V33341,1,) = —53.6 meV
%(Vn,lz;Lle + V2 03.0,1, +V33341,1,) = 27.2 meV
%(Vll,IZ;LZLl + V2 23.0,1, +V33341,1,) = 16.7 meV
%(Vll7l3;L1L1 + Vo o4:1,1,) = —16.0 meV
%(Vll,zl;LlLl + Vo300, +V33.43:0,1,) = —62.9 meV
%(VII,ZI;Lsz + V2 32:0,1, + V33.43:0,1,) = —78.8 meV
%(‘/11731;141 +Va42.1,1,) = 17.0 meV

1
5(V11,31;L2L2 + V0 42.1,1,) = 16.4 meV
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Electronic couplings for charge transfer for the o phase

e,ct

tl,L1L1 -

e,ct

tlleLz -

e,ct

t17L2L1 -

e,ct

Lo =

e,ct

DL, =

h,ct

LLiL —

h,ct

LLL, —

h,ct

b=

h,ct

2oL, —

1
~Vio,3., Vi 14z, +V23240,1,) = —14.4 meV
2

(Vi2,13:0,1, + Vi3,14:0,1, + V23.24:1,1,) = —132.7 meV

3

~V213:00, + V13,1400, +V2324:0,1,) = —132.7 meV
3

1

§<V12,l4;L1L1 +Va123.0,1,) = —14.0 meV

Va1 23:0,1, = —10.8 meV

1

Va3, +Varain L, +Va42.,0,) = —25.0 meV
3

1

~(Va131.0,0, + Va1 4101, + V32.42:1,1,) = —25.0 meV
3

1

_(V21741;L1L1 +V12,32;L1L1) = 19.6 meV
2

1
_(V21,41;L2L2 +V12,32;L2L2) = 19.5 meV
2
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Electronic couplings for charge transfer for the 3 phase

1
,ct
tf,ZlLl = §(V12,13;L1L1 +Visa4.0,0, +V2324:0,1,) = —53.9 meV

1
et
NLaly = §(V12,13;L2L2 +Vi3,14:0,1, + V23 24:1,1,) = —54.3 meV
ect 1 v Vv Vv _ 254 v
011, = §( 1213:0,L, + V13,14:0,1, + V23.24:1,1,) = 25.4 me
T —22.8 meV
0oL, = §(V12,13;L2L1 +Vi314:0,1, + V23 24:1,1,) = 22.8 me

1
tgflLl - §(V12,l4;L1L1 +V21,23;L1L1) = —10.8 meV

h,ct 1

N = §<V2‘¢31;L1L1 +V3141:0,0, + V32.42:0,1,) = —78.3 meV
h,ct 1

Mrat, = §(V21731;L2L2 + V3141001, + V32,42:1,1,) = —78.4 meV
h,ct 1

e =5 Vaatnn +Vizsn,) = 13.6 meV

h 1
thsz - §(V21741;L2L2 +Vi232:0,1,) = 14.2 meV

Transition dipole moment in the middle of the aggregate for the o phase

~ 1 . -
un7L1 = 5(“272;Ll —|-‘Ll373;Ll) = (3711, —0932, —0632)

- 1, B
U1, = E(uz,z;Lz + H33.,) = (0.866,1.478,3.552)

S34



Transition dipole moment in the middle of the aggregate for the 3 phase

~ | R .
Unr, = 5(“2"2;L1 +l33.0,) = (1.927,—1.044,-3.612)

1

Hn,, = §(ﬁ272;L2 +Hi3.3.0,) = (2.777,3.065,0.691)

Transition dipole moment at the boundaries of the aggregate for the o phase
~ ~ 1, .
W, =uUnNL, = 5([.1171;141 —I—,LL474;L1) = (3.938, —1.005, —0.745)

~ ~ 1, .
l‘l’l,Lz = ,u'N,Lz e E(ulvl’LZ —f—‘u,474’L2) — (10267 1525,3763)

Transition dipole moment at the boundaries of the aggregate for the $ phase

- - 1. .
Hir, = UNL, = E(UI,I;LI + fig4:r,) = (2.087,-0.983,-3.757)

~ ~ 1, -
tu“LLZ = ,qu,L2 = E(nu“lvl;LZ —f—‘LL474;L2) = (2866,3188,0884)
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Figure S1: Electron-phonon coupling constants of all vibrational modes associated with the L;-
th localized excited states of ZnPc monomer for the a- and B-phase aggregates in the crystal
environment.
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Figure S2: Electron-phonon coupling constants of all vibrational modes associated with the L,-

th localized excited states of ZnPc monomer for the a- and B-phase aggregates in the crystal
environment.
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Figure S3: Electron-phonon coupling constants of all vibrational modes associated with the cation-
ic states of ZnPc monomer for the o- and B-phase aggregates in the crystal environment.
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Figure S4: Electron-phonon coupling constants of all vibrational modes associated with the anionic
states of ZnPc monomer for the - and -phase aggregates in the crystal environment.
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